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Abstract 
The AA6061 and AA6063 metal plates are Friction stir welded to obtain butt joints, Microstructure, Microhardness and tensile 
strength in the weld examined. The Microstructure evaluation of AA6061 shows that the Fusion with parent metal is good, 
Grains are slightly elongated at the heat affected zone and Microstructure evaluation of AA6063 shows that grains are severely 
elongated at HAZ. Vickers Microhardness evaluation of AA6061 shows that after Friction Stir welding (FSW) at parent metal 
Vickers Microhardness slightly higher than weld zone. Vickers Microhardness is high at HAZ for AA6061. Vickers 
Microhardness of AA 6063 at the weld region is higher than HAZ, Parent metal. Vickers Microhardness of AA6063 is higher 
than AA6061 before and after Friction Stir welding. Ultimate tensile strength of AA6061 is greater than AA6063 both before 
and after FSW. 
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1. Introduction 
Friction stir welding is a relatively new joining process can best compare to fusion welding process. It is considered as a solid 
state process, and it does not require the need for gas shielding or filler metals. FSW consists of a rotating and non consumable 
pin tool that is slowly plunged into the weld line until the pin tool's shoulder is in intimate contact with the work piece. As the 
tool rotates and moves forward along the weld line, the material at the weld line begins to heat up, forcing it to flow around the 
rotating tip to consolidate on the pin tool's backside. The heat source is developed mainly due to the friction and plastic 
deformation while placing the pin tool's shoulder in intimate contact at all times with the work piece. The workpieces must be 
rigidly clamped to a backing anvil in a manner that prevents them from moving and being forced apart at the abutting joint faces. 
FSW has the potential for welding of aluminium alloys because the processing temperature occurs well below the metal's melting 
point, thereby eliminating the solidification defects and other undesirable chemical reactions. However, as with all welding 
processes.  Friction welding is preferred over that of conventional fusion welding process due to the following advantages such 
as no fumes, no welding arc, low heat input and almost no finishing costs. AA6061 is a precipitation hardening aluminum alloy, 
containing magnesium and silicon as its major alloying elements.  
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It exhibits good weldability. It is one of the most common alloys of aluminum for general purpose use. AA6063 is an aluminum 
alloy, with magnesium and silicon as the alloying elements. It has generally good mechanical properties and is heat treatable and 
weldable. The friction stir welding finds much applications in the field of aerospace, automobile and ship building industries. A 
systematic approach and mathematical model is used to determine the mechanical properties, as rotational speed increases the 
tensile and yield strength also increases then decreases, this is due to metallurgical transformation solubilisation, re-precipitation 
and coursing. As the axial force increases mechanical properties increases then decreases. This may be due to insufficient 
coalescence of transferred material [1]. The hardness values in nugget zones are lower than base metal but higher than thermal 
mechanical affected zone and heat affected zone, An increase in the hardness in nugget zone due to work hardening takes place 
during friction stir welding, in joints which have high ductility, the tensile fractures occurred in around the heat affected zone and 
thermal mechanical zone, for low ductility joints fracture in around the nugget zone on the advancing side [2]. In nugget zone 
long grains are seen also contain sub grains, sub boundaries and dislocations. It is strongly depends on the shape of the tool pin 
profile. The interface region between nugget zone and parent metal is diffuse relatively on the retreating side, but slightly sharp 
on the advanced side of the tool [3]. Axial thrust is highly affected by shoulder diameter slightly by tool rotation and welding 
speed [4]. The presence of eutectic structure of Al3Mg17(γ) and Mg  in the region of stir zones of lap and butt welds observe the 
presence of liquid formation during friction stir welding[5]. The hardness of friction stir welding joints strongly depended on the 
precipitate distribution and slightly on the increases size of the grains, stress amplitude and plastic strain decreases due to 
increase in the welding speed [6]. The joint developed by using square pin profile tool produces higher tensile strength. Friction 
stir welding at higher welding speed produces voids causes poor consolidation of the metal interface [7]. In heat affected zone the 
plastic deformation insufficient to modify the initial grain structure. This zone subjected to only thermal changes, the higher 
plastic strain occurs in the nugget. Some studies shows that thermal mechanical affected zone and heat affected zone have low 
hardness. The microhardness in weld zone is larger than the base metal this shows friction stir welding process is strengthened 
[8]. The friction stir welding process soften the material in weld zone and lowers the hardness at heat affected zone this is due 
difference in grain size. Some researchers have reported that the Ultimate strength of FSW joints is about 70% of base material 
[9]. Failure of  friction stir welded joints occur at defective area when joints associated with defect like pin hole, failure occurs in 
low hardness zone if joints are defect free [10]. Tool rotation speed has maximum contribution on heat affected zone distance and 
this followed by axial force and transverse speed [11]. Conical shoulder tool produce larger nugget grain size in hot welds [12] 
fatigue strength of the joints decreased with increase in tool rotation for a fixed tool pin diameter, fatigue strength decreases with 
increasing tool pin diameter for fixed tool rotation [13]. Joints fabricated using square pin profile tool defect free[14] In heat 
affected zone percentage of coincident site lattice boundaries increases and high angle random boundary percentage decreases 
this is due to increase low angle boundaries [15]. Increase tool rotation rate decreases the size and aspect ratio of Si particles in 
the friction stir processing of A356 [16] Increasing distance from zone boundaries of friction stir processing decreases the yield 
strength and tensile strength [17]. Advancing side of the weld samples has high hardness values. Massive grain and equiaxed 
grains are produced in post weld heat treatment [18] 
 
2. Experiment Procedure 
For present study the selected base metal was AA 6061 and AA6063 supplied by fenfe laboratory, Bangalore. AA6061 
and AA6063 ingots are shown in the Fig. 1(a).The details of the chemical composition is shown in Table.1 & 2, these ingots 
were subjected to casting to produce rectangular plates for Friction stir welding. 
 
 Table.1 Chemical Composition of AA6061 
Content Zn Cu Mg Si Fe Mn Ni Pb Sn Ti Al 
Percentage 0.008 0.323 0.464 0.662 0.153 0.024 <0.050 0.024 0.01 0.107 Balance 
 
 
Table.2 Chemical Composition of AA6063 
Content Zn Cu Mg Si Fe Mn Cr Pb Sn Ti Al 
Percentage 0.076 0.0047 0.58 0.271 0.325 0.0076 0.0005 0.024 0.01 0.038 Balance 
 
                        
 
                                     Fig. 1 (a) Ingots of AA 6061 & AA6063 alloy   (b) The Electric resistance furnace 
Casting is the process of producing metal objects by pouring molten metal into the mould cavities. The next stage is molding. It 
involves the pouring of molten metal into the moulds and allowing it to solidify and cool. For casting, electric resistance furnace 
was used as shown in fig.1 (b), the details of casting process is shown in Table.3  
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Table: 3 Details of casting 
 
 
 
 
 
 
 
 
 
 
 
 
 
AA6061 and AA6063 rectangular plates whose dimensions are (200m ×100mm ×6mm) are produced subjected to friction stir 
welded. Details of welding equipment, welding parameters are shown in Table.4 and Fig.2 below.  
 
                                                                    
 
     Fig.2. Friction stir welding equipment 
 
Table.4 Specifications of Friction Stir Welding Equipment 
 
S No. Parameter Notation  Unit 
1 Type of tool HSS  --- 
2 Tool rotation 660 rpm 
3 Axial Force 3 .1  Ton 
4 Welding speed 30 mm/min 
 
Friction stir welded specimens were prepared to study the metallurgical and mechanical properties like microhardness & tensile 
strength. A metallurgical microscope supplied by Leads Maker, with magnification ranging from 100X - 200X was used to study 
the micrograph of the specimens in varies zones, details of various zones generated due to friction stir welding is shown in fig 3. 
In order to know the hardness in various zones, a Vickers’ Microhardness Tester was used. To know the ultimate tensile strength 
and elongation a universal testing machine curtsey by fuel instruments and private ltd, Bangalore was used.   
 
31 1
2 2
1. Parent Metal (Un Affected Zone)           2. Heat Affected Zone
3. Weld Zone
  Tool Shoulder
Weld Plate Thickness
   
                                   Fig 3 Different zones in the Friction stir Weld Plate 
S.No Particulars Description 
1 Base Matrix:  Aluminum alloy 6061 & 6063. 
2 Degassing tablet:  HexaChloro Ethane (H-20). 
3 Cleaning powder:  AL-100. 
4 Slag removal:  Coverall. 
5 Temperature Indicator:  Pre calibrated Fe-K thermocouple. 
6 Stirring Unit:  Vertical shaft attached with blades. 
7 Melting unit:  Electric Arc furnace. 
8 Mould used:  Metallic split moulds of rectangular c/s. 
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3. Results and Discussion 
3.1 Microstructure Studies 
Optical micrograph of AA6061 before and after Friction stir welding is shown in Fig 4. The Fig 4 (a) shows optical micrograph 
of the base metal AA6061 before FSW, from micrograph it can be observed that it consists of dendrites of aluminium solid 
solution. It also consists of coarse grains of aluminium solid solution. The Fig.4 (b) shows optical micrographs of friction stir 
weld AA6061 at parent metal, from the micrograph it can be observed that fusion with parent metal is good, coring is seen at 
grain boundaries, the grains are coarse and dendrite structure. The Fig. 4 (c) shows optical micrographs of friction stir weld 
AA6061 at heat affected zone from the micrograph it can be observed that grains are slightly elongated. The Fig 4 (d) shows 
optical micrographs of friction stir weld AA6061 at weld zone from micrograph it can be observed that some fine cracks are 
seen. 
     
 
       
                                              
 
Fig. 4 Optical Micrographs showing the Microstructure of AA6061 a) Before welding 
b) After FSW at Parent metal c) After FSW at HAZ d) After FSW at weld zone. 
 
Optical micrographs of the AA6063 before and after welding shown in Fig 5. The Fig 5 (a) shows the optical micrograph of 
AA6063 base metal before FSW, from micrograph it can be observed that it consists of dendrites of aluminium solid solution. 
The Fig. 5 (b) shows Optical micrographs of friction stir weld AA 6063 at parent metal from the micrograph it can observe that 
the fine dendrites of aluminium solid solution coring is seen at grain boundaries. The Fig. 5 (c) shows the optical micrograph of 
friction stir weld at the heat affected zone from the micrograph it can be observed that grains are severely elongated. The Fig. 5 
(d) shows the optical micrograph of friction stir weld at weld region from micrograph we can observe that the fine cracks are 
seen. 
                                 
  
                                 
 
                              Fig. 5 Optical Micrographs showing the Microstructure of AA6063 a] before welding 
                                    b] After FSW at Parent metal c] After FSW at HAZ d] After FSW at weld zone 
 
851 B.N. Venkatesha and M.S. Bhagyashekar /  Procedia Engineering  97 ( 2014 )  847 – 853 
3.2 Hardness Test 
Table 5 shows the results of Vickers Microhardness test conducted for AA 6061 and AA6063 before FSW. The Fig 6 shows the 
Microhardness of the AA6061 and AA6063 before FSW from the fig 6 it can be observe that Microhardness of AA6063 is higher 
than AA6061. Table 6 shows the results of Vickers Microhardness test conducted for AA 6061 and AA6063 after FSW at 
different zones (parent metal, Heat affected zone and weld zone). Vickers Microhardness of the AA6061 and AA6063 after 
friction stir welding shown in fig. 7 it can be observed that Microhardness at weld zone for AA6063 is higher than AA6061, 
Microhardness increases after FSW for both AA6061 and AA6063 but Microhardness is high at HAZ for AA6061. 
 
Table: 5 Vickers Microhardness AA6061 and AA6063 (Before FSW) 
 
S.No. Parameter HV of AA6061 HV of AA6063 
1 Before FSW( Base Metal) 40 60 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Vickers Microhardness AA6061and AA6063 before FSW 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7Vickers Microhardness of the FSW AA6061and AA6063 
 
 
Table: 6 Vickers Microhardness of the friction stir welded plate AA6061 and AA6063 
 
 
 
 
 
 
 
 
S.No. Parameter HVAA6061 HV AA6063 
1 Zone1(Parent metal) 63.2 63.9 
2 Zone2(Heat Affected Zone [HAZ]) 63.5 62.9 
3 Zone3(Weld zone ) 58 73.9 
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3.3 Tensile Test 
Table 7 shows the results of the tensile test conducted on AA 6061 and AA6063 plate before and after friction stir welding 
(FSW).  The ultimate tensile strength of AA 6061 and AA6063 plate before and after friction stir welding is shown in fig. 8, it 
can be observe that ultimate tensile strength of friction stir weld plate decreases compare to the base metal and also ultimate 
tensile strength of AA6061 is greater than AA6063 both before and after welding this is due to grain size, as grain size decreases 
the tensile strength increases [12]. 
 
 
Table: 7 Ultimate Tensile Strength of AA 6061 and AA6063 plate before and after welding 
 
Parameter 
Ultimate Tensile Strength Ultimate Tensile Strength 
of  AA6061  in [Mpa] of  AA6063 in  [Mpa] 
Before FSW 176 118.64 
After FSW 92 67.08 
 
 
 
Fig. 8 Ultimate Tensile Strength of the FSW AA 6061 and AA6061 
 
3. 4 Joint Efficiency 
Table 8 shows the joint efficiency of AA 6061 and AA6063 Friction stir weld plate. The Fig 9 shows the joint efficiency of AA 
6061 and AA6063 Friction stir weld plate from the fig it can be observe that the joint efficiency of AA6063 is higher than 
AA6061. 
 
 Table. 8 Joint efficiency AA 6061 and AA6063 
Base alloy Ultimate Tensile Strength 
Before Welding In [Mpa] 
Ultimate Tensile Strength 
After Welding In [Mpa] 
Joint efficiency In % 
AA6061 176 92 52.27 
AA6063 118.64 67.08 56.5 
 
 
 
Fig. 9 Joint efficiency AA 6061 and AA6063 
4. Conclusions 
  
AA6061 and AA6063 was successfully friction stir welded. Microstructural characteristics, mechanical properties such as 
Microhardness and tensile strength properties were examined in the present study and also compared between both aluminium 
alloys. The following conclusions are made. 
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1. The microstructure of AA 6061 shows that fusion with parent metal is good, grains are slightly elongated at heat 
affected zone, some fine cracks are seen in the  weld zone. For AA6063 in the parent metal fine dendrites of aluminium 
solid solution coring is seen at grain boundaries. Grains are severely elongated at HAZ. Fine cracks are seen within the 
weld zone. 
2. Vickers Microhardness of AA 6061 before welding is low. After friction stir welding hardness increases, hardness at 
parent metal slightly higher than weld zone and lower than HAZ. Hardness is more at HAZ. Microhardness of AA 6063 
at the weld region is higher than HAZ, Parent metal and Base alloy hardness of AA6063 is higher than AA6061 before 
and after welding. 
3. Ultimate tensile strength of friction stir welding plate decreases compare to the base metal and also ultimate tensile 
strength of AA6061 is greater than AA6063 both before and after welding. 
4. The joint efficiency of the AA6063 weld plate is higher than AA6061 weld plate. 
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